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1 1 

1*3 SB ^> t? (13) 6 itfc * > (11) O^fflS fc± a -f Jl/ (51) RtTF a W ^ (5 

2) £ »i££|rJ Bffeo IH PR * sMfr @Bi& L , mffSJt a >f ;v (51) RZFT a 4 ;v (52) K 5>> 

>£[Ri#o«aE*afri t Dis±n^f /ucsDRirra^ ^(52) o# a -i^^htu 

|B_t UK (51) XtTF a -f ;i/ (52) HQ© + M (53a) £il 19 *»oa&Jft# 5 0**-)^^±©A 
*7TB»(53)«:»&3-g\ frlS^*ol5r(13)t0f5e<^>ll^3iJKT-|II©$-fr. 
^(ll)©±«3&»e»TMrtBf-ir V^(ll)^>F , 3^^^igtt«"^ : S:#*&LTfrKf-^ W<(ll)rt« 

izmn h ittzpmmmt (36)<vmm K^f&i&ar* fcatT £ Mie v y a >»ifc(i2) e> 

h y -1" > *y Y (25a) fc jj? h AH -f > =f y h (25b) Sr-^tr v 'J a > Jp.#£H<7) > zfy h 
(25)*3fj£OllHgiStflfTEHg$* % tulBv'J a>JjM£H>f h (25)1*3 ^^Mv"; a 

rajKT*friB'> y a vmss^ w > a- ? h (25) * ttr&&ttKffi# (36) o^?, g \±xr %> *> 

y ay^ H B H ^§|±lf^^^^T, 

(36) tt, TJro^mrlB v y a >Btjfc(i2)^ffi5&» ^ ffiffiS £ & T±;£ K&fi Lj&» 
o-f >=f 7 h (25)©^il«:ftlt*««(37) t, friai»«B(37)OTastttrtO^|filtC» 

ItTia-f > a^-y h (25)OE*l£ dtt^tld^l 0 0 mmftl-Cib *) fflgg*$t«B# (47) 
OrtSB»±lS5$(Hi)3&«l 0mmm±d/2 J^T"e& o TffJfB'f >=fy M25) <WJ1M t O 
*/hWH (Wi ) 1 0 mmai 0 . 2 d & & «fc o \zm$u £ *U 

HirfB~>y a >JMIh8K >=fy h (25)<Od % h 7 7HM >a*y h (25a)05l± WOKrSB 
JKffilK (41) fcKrE'f V (25) tcom*ffi,T1r2>7fm®.JfA<VMm;-t)S, flMBS"; a 

#£1,^ >^aV h (25)0? A AH ^a> h (25b)W3l±*fl$OfiriBJ»tfi«(41) fcflfSB 

>a*y h (25)t<7)F^«rmT-r^>^ffitt**^0?t»J: «9#-v> 

i t zs&WLt-tz -> y a vjjMgJI^UTOffio 

>(25a)<7)3l±»f«FOj»ffifflJ(41)fcHriB-f >=Ty K25) t <D m £ SST 
ti^flHt^OTIBS: (1) tL&m&liamiS)*** A UK h (25b)<D 

3l±lfBfot5iB0m^5(4l)ht{f|B-f >a* 7 K25) t tf>H£irF"t£^f&te#XOTfB5£ ( 
1) -C*i6<btL&iilE3g»ai(S) i «J&<ifcj£S*i;fc»#:giiB*0->y a >jtM H B H ^g|± 

S= (Po/E) XF/A (1) 

Pottf-^>'/t(ii)onffl5^*»t*7C$tmil(Pa)-C*l). Eiif|5ft>A(l 

1) Ofi«JE*(Pa)T?ab <9 , F Jifrffi^^ v^(ll) tc^^fLSM^SSOTFffitt^^JE 
*Po (Pa)^jbnt^-i5SLi(m 3 /#)-C-$) 0 , Att«riB*ffl«8(41) tffrffi^y a >JHttAW > 

a* y h (25) t o m k *3 it * vnra (m 2 ) "C* ^> o 

3 ] 

\"TEl&Z>o t?(13) a ? lg^ tL^r-f- * >vt(ll) co^tP tw± n ;v (5i) ^j^t a >f ^ (5 

2) ^a&tt^-fS] Kmfco mm * & -c@et£ l > tfrts± a ^ n, (51) jtrFa^f ^ (52) k 

jllo] £ WlI4-lt £ K i «9 HtTfS-t n W ^(51)»0 f T a 4 ;v(52) <^#3 ^ t, ff, 

|B± n ;i/ (51) RXTTayf )V (52) ffi <D*$M (53a) * 3 ^> U X 7°mm (53) Sr Z * % M 
IB5^*oH(i3)*Bf3feO|Bl<giS*-C|aH6$*, flWB^^r ^/t(ll)o±«*»e>litrfBf-^ > 

^<(ii)^rt«CT^^*«»LTmf-ir>^(ii)rti»^tft»te>^fc«kaK^^ 

OrtfllCT®tt^*aET§^ frlBvy a ^H!^(12)a^ h y yHOW >a*y b (25a) fc 
>Kh AUB-T h(25b)*-g-tf'>y =J>M^^<d^( >=fy h (25) *ffife<?>M1&i&Bt'Cm 

mmt, «riB'>y a y^a-f >a*y h (25)p | 3^?-ra->y a >m&xi&<z>&m#-Rv& 

^-f >a*y h(25)^miB^mW(36)04'^'bgi±^-i>^y a>#^ B B H og|±TOfe 

(36) tt^ T«**»IBV'J a^li^(i2)^Ma^WPi«r*ttT±^^-fS«L^ 
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h (25)om%* dk-fZ fcid#100 mmWf* 1) |frIB»SW (47) 
cO|*lJS®{±^$ (Hi ) 3&* 1 OmmWd/2 £lT-C*oT«HB-f M25) <7>#W§W i: O 

ft/MBfiS(Wi)3&*l 0mm&±0. 2 d mmfilTt^ £ «fc 3 fc^JftS *L, 

buI3 v 'J 3 vitMfcil'f > =f y h (25) ©Hbf ~t% "f > =Ty h (25a) 03l± ^OfllrtB 
* * 7«» (53) <Dm ffiflS v V n > #^b b h -f y * v h (25) ^H*'f-A fflO W > 3' •> h 
(2a)©3l±W^tiriB*^^ , «*(53)oMJ: <K5fe§tLjt 
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[&##Kf] 
[0 0 0 1 ] 

v'JnyMC^^ (CUSP) mWtZmn L&^6. v V ^ Viji^JIco 
[0 0 0 2] 

[0 0 0 3 ] 

ts&^OC Z&fc J: fjg|±tf e>fL«^f >=f* hom*lftS{i> Ell 

[0 0 0 4] 

iO/Stiillt***^ yy3>»«t*^y (CUSP) »£epijnLft#*fb, v 

«fflL4v»»^-fcra«T?*lj, m^«^^ H H B $lfl^[6]^^l-<b1-4^a6H{i N EI^ol? 
[0 0 0 5] 

##-i!wii«Bitt*ttaat-*xfiK:*v>T^ zi&Tz^t&mmt Lxmm 

fe^fJf&Rg (Oxidation Induced Stacking Fault. SIT, 0ISFtv>^„ ) <D&t%& 
WMWWlWffiL'hXm*?, m&lzmmLtzsS-T -f ? )V (Crystal Originated Particle 
> iTF> COPtv^o ) *\ *v»tt«AaiEffi (Interstitial-type Large Dislocatio 
n. J»T> LDtv>9o ) ©#<£*«Plfe»*LTV»*o 0ISFI1, ISMISlC-rOtt 
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r/^x^7^-7t fiBft-fbdcsio s-fr«[-c«fe» LfctiOi - ^® tzmm-t 

#14 (Time Dependent dielectric Breakdown TDDB) , SjtHE^tt (Time Zero 
Dielectric Breakdown, TZDB) ^£^£-££1113 t t C 0 P -/n 

#i»#*»iaK«:»3ft-r*3tie)Kfflv^tLS v'J 3>*i-/\*fcO I S F, C 
[ 0 0 0 6] 

i^O I SF, COPMLD^tL^^i^iOy'J =J y 7 x -/n tz&(D is 

u 3 > mis ji ^ y ^ * h (Duakii mmm ztix^z m 1W2 mm* 

?La^^Pi?o^*#^@£^n^-r^iiit [v] ^^^^ 4 >=r-y v^m^mmx 

[i] mmzii&o z.<7)tztt>±mwL&ii&xii, 4>d>y v *&m%?\±i<fmmx'-3\± 
if%>zti<z£V) y ±m*xmcomMm^i£L%^^~7 vmm [p] 

[sfmXBfc 1 ] *S#fN^ 6 , 0 4 5, 6 1 0f 

m^-xm2) i&mw-i 1-139 3 

[0 0 0 7] 

(cusp) m®*£\imL%&h, Km&^iz<Dwm&m*?7fm&ifx<Dmm*$i 
^■§&m<DB&u*^ \£x.T-?-yy*w)>m£z>z. t%<, m%£:mz.frtz-ox&!K.m<D 

[0 0 0 8] 

i*]|n:#S^}i, 11 1 >&v>LIH4 ic^i-j; 9 ^, ftgBM^ o»ar l 3 j&*f£tf «b 

T@B|£U ±3^;i-5 1 WT3^^5 2 MW^ft § om^^tl" ^ t i l?±n-f 
^5 lXlTFa'f ^5 2 0#3^;i/^C,y#»<b _ta^ ;u 5 lS^Tn^vs 2 fH^^M 5 
3 a Sra *) fr^&m&5 0 ^■>^m±<7)*^-7 0 ^5 3 £3§&£-£ N ^So&ari 3 S-Bf 
3£fl>GII<£SflE"CIIHe$-£, f-'t^^l l <£>±gB;d» f- >a< 1 1 <OftUliZJFt£ J &tfx%®t 

1 2frb h v yffilH >^7f2 5at#h AfJH > =f ? h 2 5 b i^tti^ V a >i£ 

*S3l±»f36a?t?->U =iymm&<< y*y Y 2 5=Srl^JiM#3 6 0*ife*&3l±tf 
[0 0 0 9] 

±*Cfif L*o^ >rf^y h2 5 ©^®M*'gLH't&«fflJ 3 7t, ffi%3 7©T«5»c«rt 
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>tfy h 2 5<DUm.Z d t-Ti. t § d^lO 0 mmJ£Jl±T-& 4 7 <£>!*] Jl®}*?^ 

$Hi# s l 0mm»±d/2JaT^oT'f h 2 5 O^HJIW i: £>m'.hF4l i IWi # s 1 0 

mmm± 0. 2 dJ^TC^^i^CM?^ V U a V#j(gfi>f Vrfy h 2 5 O ^ *> h y 
-f%4 yrT-y y 2 5 a03l_LtfB#tf>J»ffi«U lH>^;f2 5 ©IBIfcSET-*- 
ft X (Dffi-MtK v'J a >#^H B a^ h 2 5<OH^ h A UK y=fy h 2 5 b 0?I±tf 

P#(7)0tt5f|5 4 1 t-f f2 5 <h<^^^-aLT-r^)^ffitt**^<7)^fi<t 9 <h £ ^ 

& o 

[0 0 103 

*fcSMfc3;h.SSa»£©«*>fcjeHL-C, #h AflK>:fy h 2 5 b K 
i9^ttt^m*»(i±i^:1-^o ****** vV 3>#jBfa 

(Oils*? h 2 5 tSaiS-TSi t#tlS„ ^co-^-C, -*jT*y bfctefflLfcv^^-C 

iv-y^fc/^-ratfc&jlvirtfLfc WW 2 003-22087 5 ^<£-$R) 0 hZ-b 
ifi* mbWtotfY AUK yzfy bt-tt, aE**«^**T & ^- v>#«^1--i> - i 

V- V? >^^-r^ £ tt & O fc <b *LS o 

[0 0 1 1] 

■13*312 fc«*3M3tt, i*aii:#JHMo-C, b-^i^f v^y h 2 5 a©?l 

±»fl*o»ffilB4 1 fc>f ^=fy h 2 5 fcOIBSrifcT-f S^FMIi^^TES: (1) 
fctLaiftJ6#aisa*, ^hAfflH >a> h 2 5 b©3l±W©»ffl«4 lHi'^n 
5 fcOfflfcin^a^fttt^OTfB:* (1) T?#*&fra«j£#tRS J: &3*<tfc£S*i. 

S= (Po/E) XF/A (1) 

iit, P olift'/Al 1 O^SK^^S^EA (Pa) -C**), Ef±^*W?l 

1W?3«JE^ (Pa) Ftt^-Y^Al 1 iCftjj&StLa^a^ffiO^MttjST^OEE 

JPo (Pa) fc*5tfa«E;ft (m 3 /^) AI4J»lti«5 4 1 fc->y avmfiffiW ^ 

=fy >25 fcOWfc*5tt&Kf®» (m 2 ) "^*«o 
[0 0 12] 

£©»*3| 2 v v n v#jBfS«g|±»f^-cti, h25 <D?\±lf 

3l*Jtf>vV a>ifc«[l 2 0^Ki4'>'J a^Mfftl 2^lWtft*M 
RKjfpllflio iofe*, ^UavMiRl >^ h 2 5 OHffcJMSiEftSKistf 

^2 5®^|S]t:H(^- td^-t* i 9 fcft 13 > h2 5<D5]±lfl5\tHl l Z&Xm 

<MkM#-ti s 5&&.iti t ^ li^It:fe/:cT^-7x^ MH*fc tz%><{ >a* ? h 2 5 *3I± 
^SC4:**-e*4fcOi:#xe)*L*o iot, i O J: ^ i y 'J 3 f ISS©? I±tf ^'fet" 

[0 0 1 3 3 

^f J ±3^WT3'f^©cfil5 3 a S:I^A^7»5 3 

tar 1 3 *^fjfeOBHE5£ft-eia|E$^ ~> U a 1 2*6hf ?"flK >^f2 5afc 

**hAl^fv^ h 2 5 b£#ifvD n^^s^'f >3*\y h 2 5 £j^<7)I3$£S£jg-C!S 
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yh2 5*t*>s'<i iftmzmifhtitzmmmmt3 6<o****t>5i±*fs->y3>m 

[0 0 14] 

±^OTL^o^>^y h 2 5^ffl*^ltS1SfW3 7 ^ ffi«S3 7 OTSIUrWl*! 

Va*y h 2 5 0g;#£ d t £ d#*l 0 0mm£l±-C*l)f||M4 7 (DfomWlim 

£Hi7J s l 0 mmJSL±d/2JSlTt?*>o"r>f >a*>.y f 2 5 O^JSS ^ OSxhRJPB Wi 7& ? 1 0 
mmm±0. 2 dmm^Ti:^-SJ;?(:fi$^ y 'J 3 |g H B a ^ f 2 5 ©H 

h yy'm^y^Ty b 2 5 a©?|±WO*^^S5 3 ©SUE**, y | j3>|g B B H ^Vd' 
•y h 2 5 <Od h AflH >rf y Y 2 5 b«?|±lfH©*^»5 3 05£JK<fc *9;>c£ < 

[0 0 15] 

-^W*«3 KSB«$*LfcV 'J a >M B B a «?|±lf^STit SBlSrJc i 19 v V a ^Jttifc 
1 2 J: an- V>y2j;fl*h V^tiM >zfy h 2 5 a £3l±*f£»£-£ 

Jfclfc frteT U otr l 3 fcfiffi $ *Lfc v y a >it l 2 coJ:b«e6^ g £ fr^fti^fF 

> jKF AfiM ^=r? h 2 5 b K*»t&tt*fcJfc!?&*ft*B**J±Jt:fc*So 

&Bt#*K«r*-f* 5/ »J 3>#|t H B H <7)^ ytfy h 2 5 ^fijltiii^ii 

[0 0 161 

ig.|S H B H 0^ >a*y h ii#-ei4o f U a vMffiRrr-f > a> h <DMWi 

\zmiz>4y a* 7 h ^it^iD] ofis^i ie^-f > =f y hots c^tot^> 

[#&!§ * %1fct 2> it * Oft AO ] 
[0 0 17] 

lli:fti9(M ->'J a y^^ B (03\±i / f^m 1 0 >/n l ftKfi, ->'J^ 

■/^ 1 4 K i «I$ti^ c 53£&oi?i 3 OTM(i±iaM$&-9--t-7°^ l 4 £^LT$:$il] 
1 6 0_h3gtwH^$fL, ;©t«Il 6 0T«»±*o«JK»^gl!l 7t©jR§tL«6o 
li^tl 7(i, H^L&v^^&olJl 3 *®mZ*tZ>m 1 Illgffl^-* ^m%> 
ot?l 3 £#l*S-e-S#|8|/B*-* fc;£rU C ttib O^E- ^ \z J: 19 oiar l 3 rt*j?r 

^Mli^^otJi 3*»e>^fjfeoMHI**>tfcii-^ 1 8 lz£*) ^ ^on-^ 1 
8tt#fil»i 9 ^.t t)&mZi%Z> 0 yc-* 1 8tt^35*otJi 3 [:SAH/;«Sff)y 
y 3>#»fi#*iPii • BULTJ/VavBUi 2 i:ts. 
[0 0 18] 
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^\±.\fm^-^ (H/K-fr-f) t «, 7 -f ^ - 7";v 2 3 ©TJgC (i v V 3 >H i 

2 CSLTy'J 3 ^jjM& H B H <D-f >=fy h 2 5 Sr3l±»f & tzXXDffl&ik 2 4 *«Ut#*tfetLai 

o 

^ffit£#* 1 1 ^ao«rt«Mfl|^e,j^ai-ta 2 8 3&*®M£3 ft* 

o *&J##K 2 8 {±— jS*»^r - v ^ ^ 2 1 <7)J1H $ tLfl&Sft^-tlB^iStSfeJEr^ fcfir 

(H**i*) K^^tL^^M -72 9 -Wft>All^TiC 

4 7° 2 9Xl) f SPffl^'f 7° 3 0 KiivTtHb^-W 7°2 9, 3 0 *at*LS>Pffitt35r^©aE4* 

m^-f&m i Rum 2 »fESp^# 31,32 «tL-etii&&t & tia 0 

[0 0 19] 

tt-s> 0 2ooj.>3-^o#tftma^ti3>' (m^^r-f) <v®mxti hsmbsjk. 

*>-f >=fy h 2 5<Z>5l±l*g$j&*»l v-^fc LTlBtt$*L*o ^-tVfctt, -< > 

iiitli:I^T5$5o(?i 3fi05"j3V»«l 2 ^M^r'ttw— £co V^;w;ifco «fc 
[0 0 2 01 

/ f>^'^2 5 oWTOiS^o^i 3 OFFSET i:tf>mitett>f ? h 2 5©^SI 

3 7 OTt^y U 3 >jm$: l 2 *M*» &M3fe©Je*/f *t±?j K{£fi1-£ «£ ? 
CiIIM3 6fi?-*>^l lrtKHje$*La 0 £©l£tttf>3BS8fc:*5»tai«r*B3 7ttH 
— ttSofe^t?* (3 > iwfSfS|5 3 7<&TWfctt«rto#fflfc*ffi^**tii«u l^iStt 

2 5 <D*Wg®J£# 'J >^114 2 Jgg4 2 Ort#R^JtSKS *Lfc«£ifc 4 4 

t<0»4 4 ©±»tJlt£S*Lfe±S4 6 t i ^MStl&o C^^JtOfi-Cli 
, M3R3 7 tjgi4 2 {±—#69^^$^ _tH4 6 t^i4 4 fc**— frWfc^J&S ti£ 
o ^O^f|5 3 7, Jlclg4 2, ±14 6 RXfWiM 4 4 t±, M l'^StT*lS5 #&JK 4^«&*v»tt 
SSI'S i C^3-r-^ ^7$jt«|:j:ot^:J:^JU^ »»^ScJg4M 

[0 0 2 1 ] 

*mu3 7 cisti «t 0 tmm-zti2> 0 nu3 7<DTUtmm4 2 tmm^ 4 1 

, 0tti§|54 1 *JBjft1-a*He4 4kjh>^ >=*"y h 2 5 0«aWUffiiflII^ 
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1 0mm^±d/2£lTt*ot'f>^ h 2 5<0^1.®Mi:O*/MBPiWi* , l 0 mmH 
±3 5mm£lTi:44J:^:M?^o _hfElg£Hi£ 1 0 mm- d / 2 mm<7) 

MWifcl 0-0. 2 d^iEHfcRjgLfcOtt, 1 0mm*iiT»li3l±tf4'KBttiS&t.i. 
ttfi»#»tt+ & StL*«* Stv^ ^^iife ») , 0. 2 d S i: 5/ V = *b 

[0 0 2 2] 

HMI2i:^tJ:T(:, l l ^Cli, f-*wci ltotMSkX *) -frfi* 

;^5 latTFaW ;W5 2 £Sv» Kaffir § i t Un^^l^Tn^jvo 

J: -5 t«jft$*L4o 0^L&v^\ ±3^5 lXtfTa^fl' 5 2 
[0 0 2 31 

^5 3 £ TO] L ±lBv>; 3>M«[1 2^<b h y'ffHZ'Zry h25 aWh 
AlKOxf >=r.^ h 2 5 b *"£tr>f h 2 5 *3l±tf So HI 2 L < ^i" J: 

-f ;V5 1MT3^;V5 2<D&^4 fr^'kfrb^J )\<5 1 25.^3 ;i/ 5 2 PbI^^^M 
5 3a SrilS** 5 3 £f&&£-£3 0 ±J54>3:M5 3 a ii, ±3 ;v 5 1 £ 

^^16*5 3o5ijs^r 5 0 #**ja±K«Mip-t*o i;-e, ffimmmt, 

[0 0 2 4] 

mi ciot, jfctc^isu r »2aESfiaE#3 1, 3 2 zm&ir&zuzx 

~>V a S i 05y^*S6*»HJP^.^fffl"t-Sfc*Cx -?-0/Ff&tt#^ 

*#ift*3Eft£-£a&*^*&£3-frao IB IB SB 4 1 fcW ^=fy b 2 5 fc<*>IW*«G 

iffi^y3 o^fcfl.WKBEmstLao -e-L-c^y 3>njfci 2 ^^-ts^^otari 

j£T HUE v'J 3>M«E1 2 K«Lifc5|i*tiIl2 4 £3l±&f&- tHi $ , W ^ 

[0 0 2 5] 

ifc^f>^h2 5 fflft&2 4 KS^SLTSUtfibtl* h y -fM-i Y 2 5 a 

£<7)h y T'flH >rfy VKMffiiLX3\±if hti&#h AffiO-f >=r? F25b t 
4. > y^HOtfy h 2 5 a&tfji* h A«>f >3*y b 2 5 b^$£Bte, 3l±lf *b 
>zfy Y2 5<Dmti¥fc£*)&:M-£ti2> 0 *#fi<jHi4, EI4t^1-<tdtC, Yv^ftU > 
^yh2 5a(iiW J 0. 15-0. 3 0 -e£>£g&;8-£v>V^ > AflJ-<> 3*y h 2 5 
b{4@^d ? 0. 5 0-0. 6 5 v> 3 o H-fb^fcJi^ tlDCS^-io 

(3T1 3 KJ&aStLjfcS/'J 2«ft-yiiW-&>f >=f^ h 2 5£>3I± 
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